Introduction
============

As the prevalence and burden of overweight and obesity increases globally, it is salient to develop and implement effective interventions for long-term weight loss. In 2008, statistics reported that global obesity had nearly doubled since 1980, with more than 1.4 billion adults identified as overweight, and approximately 200 million men and 200 million women being classified as obese.[@b1-dmso-8-263] Overweight and obesity are associated with a range of noncommunicable diseases, which can result in significant morbidity. These health concerns can include type 2 diabetes, musculoskeletal complications, cardiovascular disease, some cancers, obstructive sleep apnea (OSA), infertility, negative emotional states, and an overall reduced quality of life.[@b2-dmso-8-263],[@b3-dmso-8-263] Therefore, the need for an effective intervention providing long-term weight loss is paramount to reduce the incidence of obesity-related health complications.

What is bariatric surgery and why should it be considered?
==========================================================

Bariatric surgery can be considered an effective and sustainable weight loss method in some patients. Bariatric procedures can be an appropriate weight loss option for patients with a body mass index (BMI) exceeding 40 kg/m^2^, individuals with a BMI between 35 and 40 who have developed diseases associated with obesity, and those who have been unsuccessful in losing weight through other weight loss strategies.[@b2-dmso-8-263] The overall aim of bariatric procedures is to reduce the intake of food by physically restricting the gastric capacities of the body.[@b2-dmso-8-263],[@b4-dmso-8-263] Overall, bariatric surgery has been associated with significant weight loss, reductions in some weight-related comorbidities, and an increase in certain elements relating to quality of life, as compared to conventional treatments.[@b2-dmso-8-263]

There are a number of different types of bariatric surgery currently available to patients. The most common procedures are generally performed laparoscopically and include Roux-en-Y gastric bypass (RYGB), sleeve gastrectomy (SG), and laparoscopic adjustable gastric banding (LAGB). The RYGB is an irreversible procedure that involves the combination of restrictive and malabsorptive processes by constructing a small gastric pouch anastomosed to the distal part of the small intestine.[@b2-dmso-8-263]--[@b4-dmso-8-263] The duodenum is attached further down the distal part of the intestines, creating a "Y"-like shape. Food bypasses the stomach as well as the proximal small bowel. The SG is an irreversible restrictive procedure involving the removal of a large portion of the stomach creating a "sleeve"-shaped tube. The surgery reduces the overall stomach size to around 25% of its original size.[@b2-dmso-8-263]--[@b5-dmso-8-263] The LAGB procedure is a reversible surgery that involves restricting food intake by placing an inflatable silicone constricting band around the distal end of the fundus to make a smaller prestomach pouch.[@b2-dmso-8-263],[@b4-dmso-8-263],[@b6-dmso-8-263] The band diameter can be altered by injecting or removing saline through a subcutaneous port to optimize restriction. These bariatric surgeries differ in technical procedure, outcome, and risk and, therefore, comprehensive consideration needs to be applied when choosing the more appropriate surgery for each patient. It is also important for the bariatric patient to have an understanding of the surgical procedure and the future implications to reduce the risk of complications and to improve overall weight loss.

Long-term weight loss at 2, 5, and 10 years after bariatric surgery
===================================================================

Weight loss results vary between different bariatric procedures at 2 years, 5 years, and 10 years ([Table 1](#t1-dmso-8-263){ref-type="table"}). Results from a range of studies and systematic reviews were analyzed to approximate a mean percentage of weight loss after each bariatric procedure.

Successful weight loss post-bariatric surgery can be defined as the percentage of excess weight loss (%EWL), where $$\%\text{EWL} = \text{Weight\ loss/Excess\ weight} \times 100,\ \text{and}$$ $$\text{Excess\ weight} = \text{Total\ weight\ pre\ bariatric\ surgery\ –\ Ideal\ weight}.^{7}$$

A successful postoperative outcome is generally considered to be a loss of greater than 50% EWL after 2 years.[@b7-dmso-8-263]

Although the overall goal of bariatric surgery is to achieve long-term weight loss, patients may face the challenge of regaining weight after surgery. Current research suggests weight regain is common 2--10 years after surgery with patients commonly regaining up to 15% of their initial body weight.[@b11-dmso-8-263]--[@b13-dmso-8-263] Despite regaining a percentage of weight, most patients are still able to maintain a significant amount of weight loss of around 50% EWL.[@b3-dmso-8-263] One longitudinal prospective study of over 700 patients found that weight regain was observed in over 50% of patients within 2 years of surgery, with the amount of weight regain being higher in the super-obese group.[@b14-dmso-8-263]

Challenges and solutions associated with long-term weight loss following bariatric surgery
==========================================================================================

Although bariatric surgery aims to provide patients with an effective and sustainable weight loss intervention, bariatric procedures are not a "miracle cure". Silver et al[@b15-dmso-8-263] found that 81% of patients surveyed were still trying to lose weight up to 4 years after surgery. To achieve optimal weight loss and health benefits, it is essential that bariatric patients are not neglected postsurgery, but undergo lifelong regular assessments and interventions as required. The potential challenges associated with each type of bariatric surgery need to be taken into consideration pre- and postsurgery to optimize long-term weight loss.

Weight regain tends to occur in a gradual and progressive manner,[@b16-dmso-8-263] indicating the importance of regular long-term anthropometrical measurements and follow up.[@b17-dmso-8-263] It is important to address any weight regain-related issues as soon as possible. It is therefore important for the patient to be supported by a multidisciplinary medical team to provide appropriate solutions to these challenges to ensure the safety and well-being of the patient is considered during the entire process.

The lack of implementation of behavioral strategies, suboptimal dietary intake, sedentary behavior, the physical side effects of surgery, and medical complications are common challenges that can contribute to possible weight regain or insufficient weight loss. Achieving sustainable weight loss following bariatric surgery can be challenging; however, provided with appropriate solutions to these challenges, a patient can successfully achieve and maintain weight loss.

Behavioral management
=====================

Research suggests that implementation of lifestyle changes is one of the key requirements for successful weight loss postbariatric surgery.[@b18-dmso-8-263]

Patient education
-----------------

Significant dietary, psychological, and lifestyle changes are required postbariatric surgery. Pre- and postoperative education sessions provide the bariatric patient with practical knowledge, skills, and support to make the required changes and optimize weight. Research shows that the frequency of consultations is correlated with weight loss success, with a study by Dixon et al[@b19-dmso-8-263] showing that patients who undertook a minimum of 12 consultations within the first 6 months of surgery achieved significantly better weight loss results postbariatric surgery. Furthermore, it is recommended that bariatric education be delivered by a multidisciplinary team of health professionals to ensure specialist advice.[@b20-dmso-8-263] Digital communication methods such as social media, telephone consultations, and online education programs could be utilized to increase engagement with clients and minimize barriers such as time, distance, and cost.

Self-monitoring
---------------

Odom et al[@b18-dmso-8-263] found that self-monitoring was one of the most protective strategies against weight regain postbariatric surgery. This is consistent with the literature for weight management within nonbariatric surgery communities, which shows that regular weigh-ins, food records, and exercise diaries are vital tools for avoiding weight regain.[@b21-dmso-8-263] Encouraging bariatric patients to maintain a daily food intake journal is of particular value as, in addition to increasing the patient's awareness of eating patterns, it also allows the bariatric dietitian to identify any high-risk areas, such as nutritional inadequacy, food intolerances, poor food choices, or food aversions -- all of which may compromise weight loss and nutritional status.[@b22-dmso-8-263]

Dietary considerations
======================

A primary cause of suboptimal weight loss postbariatric surgery is excessive energy intake.[@b23-dmso-8-263] Although bariatric surgery is an effective tool for weight loss in many patients, the onus is on the patient to make major dietary changes, for which many may be inadequately prepared.[@b24-dmso-8-263] Postoperative eating behaviors can be a major factor for the disparity in weight loss between procedures, as well as for overall long-term weight loss outcomes. This is particularly relevant for the LAGB and the RYGB.[@b24-dmso-8-263] The bariatric patient may experience a number of nutrition and dietary challenges after the surgical procedure that can impact both short- and long-term weight loss.

Liquid kilojoules
-----------------

High-calorie liquids, such as sweetened drinks, including commercial carbonated beverages, milkshakes, smoothies, cordials, and juices, are typically high in overall energy and low in nutritional composition. They provide minimal pressure in the stomach pouch; hence, they have little effect on satiety and can be appealing to patients after surgery to satisfy sweet cravings[@b25-dmso-8-263] or to evade the negative symptoms of eating solid foods.[@b24-dmso-8-263],[@b25-dmso-8-263] Being so high in energy, high-calorie liquids make a significant contribution to energy intake and can perpetuate a positive energy balance and resultant weight regain.

A study of RYGB patients by Brolin et al[@b24-dmso-8-263] found that more than half of their patients who lost less than 50% of their excess weight were found to excessively consume high-calorie liquids, illustrating that this is a major cause of inadequate weight loss. Studies have shown that the incidence of ingesting high-calorie liquids is even higher in patients who have undergone LAGB procedures, rather than RYGB or SG.[@b24-dmso-8-263] This is thought to be due to the ease with which high-calorie liquids are tolerated postbanding, whereas physical restriction and fear of developing unpleasant symptoms associated with dumping syndrome limits the consumption of high-calorie liquids in some RYGB and SG patients.[@b25-dmso-8-263]

Alcohol can also be considered a high-calorie liquid due to its high-energy density; it can therefore pose a threat to successful long-term weight loss. Patients are advised to limit alcohol use after surgery, owing to excess caloric intake.[@b23-dmso-8-263] Furthermore, research suggests that the metabolism of alcohol may be altered for patients post-RYGB, causing patients to become intoxicated more quickly with less alcohol, and they can take longer to return to sobriety than before surgery.[@b26-dmso-8-263] If alcohol intake is not controlled, patients may be at an increased risk for alcohol dependency despite ingesting a smaller volume than what could be tolerated prior to surgery.[@b23-dmso-8-263] A retrospective study found that 28.4% of bariatric patients reported evidence of alcohol dependence after surgery compared with 4.5% prior to surgery.[@b23-dmso-8-263] It has been suggested that such high rates of alcohol intake can be in line with the "symptom substitution theory", which states that the successful elimination of a particular symptom without treating the underlying cause will result in the appearance of a substitute symptom. As the surgery largely eliminates excessive eating, the consumption of high-calorie liquids, including alcohol, can take its place; meanwhile, the potential underlying psychopathology toward eating habits remains inadequately addressed.[@b23-dmso-8-263]

It is important for the medical team to evaluate a patient's eating and drinking habits before surgery to identify patients' predispositions to drinking high-calorie liquids, and to provide suitable recommendations for bariatric surgeries. For example, if a patient has a higher tendency for sweet drinks, then opting for a RYGB where the excess sugar may result in dumping symptoms may increase weight loss, yet simultaneously increase postoperative symptoms.[@b25-dmso-8-263] Regular review with the dietetic team postoperatively will help to identify patients with excessive intakes of high-calorie liquids and line patients up with appropriate interventions to limit high-calorie liquid intake.

Pureed foods
------------

After bariatric surgery, patients need to be guided through the process of reintroducing solid foods and texture progression, as this encourages greater satiety and enhanced nutritional composition. Patients can often be hesitant to progress to solid foods postoperatively for fear of weight gain, pain, nausea, or vomiting. Contrarily, staying on a pureed diet can jeopardize weight loss, as pureed foods do not provide as much satiety, particularly after LAGB. [Table 2](#t2-dmso-8-263){ref-type="table"} provides an outline of the postoperative diet that bariatric surgery patients should follow postsurgery to prevent medical complications and physical side effects, and to improve overall long-term weight loss.

Grazing
-------

Grazing or excessive snacking is a common issue that affects many bariatric patients pre- and postoperatively, which can jeopardize long-term weight loss if not controlled. Grazing can be defined as the consumption of smaller amounts of food continuously over an extended period of time. Although bariatric surgery usually restricts the volume of food that can be consumed in one sitting, people who graze throughout the day can defeat the purpose of the surgery and result in consuming excessive kilojoules.[@b29-dmso-8-263] Studies indicate that the prevalence of grazing following bariatric surgery is as high as 31%.[@b29-dmso-8-263]

Grazing is frequently triggered by social or psychological circumstances.[@b30-dmso-8-263] These could include eating when stressed, bored, and/or emotional, and eating in association with other activities such as watching television, performing computer work, or attending social events.[@b29-dmso-8-263],[@b31-dmso-8-263] Interestingly, working around food has been determined as a primary risk factor for weight regain postbariatric surgery, presumably as a result of increased opportunity for snacking.[@b32-dmso-8-263]

Hunger can also be a precipitant for snacking, more so for LAGB patients, as the decreased ghrelin production seen in RYGB or SG reduces stimulation of the hunger center in the brain.[@b33-dmso-8-263] For patients with a LAGB, it is prudent to monitor how much fluid is present in the band, as too much will cause excessive restriction. If the band is too tight, patients may be more likely to graze on smaller portions to minimize discomfort with eating or, if it is too loose, it can result in additional snacking as a result of hunger.

Patients who graze have higher caloric intakes and therefore report lower weight loss outcomes. In addition to suboptimal weight loss, research suggests that grazers are also more likely to have poorer mental health, as well as a higher risk of gastrointestinal symptoms.[@b29-dmso-8-263] Patients who tend to snack excessively are more likely to present with a higher frequency of vomiting.[@b34-dmso-8-263] It is important for patients to understand that regular vomiting postbariatric surgery is not, and should not, be the norm, and can cause nutritional deficiencies, dental caries, esophagitis, and gastric ulcers, which can further impact food choices and intake. Some patients incorrectly believe that as long as they are vomiting frequently, they will not gain weight. This is not the case, nor is it healthy.

It is most important for practitioners to educate bariatric patients regarding spacing out meals and snacks throughout the day. Having well-spaced, balanced meals will assist in inducing longer-term satiety; it will also allow for optimal nutritional adequacy and will prevent the overconsumption of kilojoules. The implementation and management of eating strategies is also vital to improve cognitive awareness of physical versus psychological hunger.[@b31-dmso-8-263]

Eating techniques
-----------------

An additional challenge that bariatric patients will need to address to optimize weight loss is their eating techniques. Following bariatric surgery, patients require simple guidelines to assist them in adjusting to their new way of eating. It is essential that patients learn to eat slowly in a relaxed manner, avoiding distractions such as television, work, or reading, so that they are more attuned to their body's signals and can determine when to stop eating, when they feel comfortable or satisfied, and how to avoid being full or overfull.[@b27-dmso-8-263],[@b28-dmso-8-263] Patients need to allow a period of 20--30 minutes for meal consumption, after which point they should discard the remainder of their meal.[@b28-dmso-8-263] It is also beneficial to recommend eating from smaller sized crockery, such as entrée size or from a bread and butter plate, to help control portion sizes.[@b20-dmso-8-263]

Eating out of home
------------------

A study by Garcia et al[@b35-dmso-8-263] found that a high consumption of fast food was one of the most common predisposing predictors of bariatric surgery. This was corroborated in a study by Mitchell et al,[@b36-dmso-8-263] who found that in a pool of patients planning bariatric surgery, 50% of the patients ate fast food twice per week and ate at a restaurant four times per week. Although there is little evidence regarding rates of eating out of home postbariatric surgery, frequent intake of dining out and fast food could jeopardize weight loss. It is recommended that when eating out, patients choose entrée-sized mains, refrain from high-fat or sugar options, and avoid filling up on extras such as bread and high-energy drinks.

Protein intake
--------------

Adequate protein intake postbariatric surgery is essential for preserving lean muscle mass, increasing satiety, improving nutritional status, and maintaining weight loss.[@b37-dmso-8-263],[@b38-dmso-8-263] A study by Das et al[@b39-dmso-8-263] found that resting energy expenditure decreased by 25% in patients post-RYGB. Suboptimal protein intake, resulting in muscle catabolism, is one of the primary influences for this. Furthermore, Faria et al[@b40-dmso-8-263] found that individuals who make meals with a high glycemic load exhibited decreased weight loss.

It is recommended that protein consumption postbariatric surgery be similar to protein recommendations on other weight loss diets; however, the literature is divided about the amount of protein actually required.[@b41-dmso-8-263] A meta-analysis by Krieger et al[@b42-dmso-8-263] argues that protein intake during weight loss needs to be at a minimum of 1.05 g/kg of obesity-related adjusted weight to enable the retention of fat free mass. However, the nutrition guidelines by Mechanick et al[@b20-dmso-8-263] report that protein intake postbariatric surgery should average between 60 and 120 g daily. Until a consensus can be reached, it seems prudent to encourage individuals to at least meet the recommended dietary intake (RDI) for protein. However, it is essential that practitioners use their clinical judgment to evaluate individual patient circumstances, with higher requirements needed for patients undertaking physical activity,[@b43-dmso-8-263] wound healing,[@b37-dmso-8-263] or gluconeogenesis.[@b44-dmso-8-263]

A reduction in protein synthesis starts with a major reduction in total energy intake following bariatric surgery. Although additional protein is often needed for gluconeogenesis, in addition to usual protein needs, protein intake is often reduced following bariatric surgery instead of increased due to a poor tolerance of protein-rich foods such as red meat.[@b45-dmso-8-263] A study of LAGB patients 1 year postsurgery found that 32% of women were not meeting the recommended dietary intake (RDI) of 46 g per day for protein, and 64% of men were not meeting the RDI of 64 g per day.[@b46-dmso-8-263]

To ensure that patients are meeting their protein requirements postbariatric surgery, it is recommended that patients undergo regular assessments with a bariatric dietitian who can assess their needs and teach them how to meet their requirements. Some patients may need to use protein supplements to assist with meeting requirements postsurgery.[@b22-dmso-8-263]

Meeting vitamin and mineral requirements
----------------------------------------

An additional challenge that bariatric patients may experience postsurgery is meeting vitamin and mineral requirements. After surgery, nutritional deficiencies can occur as gastrointestinal modifications reduce dietary intake, which limits the actual availability of nutrients from food. Further to this, there is an element of malabsorption of key nutrients.[@b47-dmso-8-263] Nutrient deficiencies can also occur due to frequent vomiting and/or poor patient compliance to the nutritional recommendations suggested by the bariatric dietitian.[@b47-dmso-8-263]

Deficiencies of iron; vitamin B12; folate; zinc; thiamine; calcium; vitamin D; fat-soluble vitamins A, D, E, and K; magnesium; selenium; copper; and phosphate are common postbariatric surgery.[@b48-dmso-8-263] For patients post-RYGB or SG, vitamin B12 and iron deficiency is more likely due to a lack of acid and intrinsic factor in the stomach than food choices.[@b33-dmso-8-263] Deficiencies of nutrients such as iron and vitamin B12 can result in fatigue that may then result in decreased levels of planned and incidental activity, and an increased reliance on higher calorie ready-made meals.[@b49-dmso-8-263]

Odom et al[@b18-dmso-8-263] reports that "food urges" are one of the strongest predictors of weight regain postbariatric surgery. Food urges or cravings can be exacerbated by nutritional deficiencies, resulting in patients craving essential nutrients.[@b18-dmso-8-263]

Patients should take an appropriately approved multivitamin lifelong after bariatric surgery to help prevent micronutrient deficiencies. Due to the increased risk of nutritional deficiencies following bariatric procedures, it is recommended that the patient's biochemistry or pathology is checked every 3--6 months postoperatively for the first 2 years and then monitored annually thereafter.[@b20-dmso-8-263],[@b22-dmso-8-263],[@b50-dmso-8-263],[@b51-dmso-8-263] This will minimize nutritional deficiencies causing fatigue, and minimize food cravings to improve long-term weight loss, as well as providing increased quality of life.

Physical activity
=================

Physical activity and increased incidental exercise constitute an important long-term management strategy for weight loss after bariatric procedures. Physical activity can have a range of short- and long-term health benefits, including reducing the risk of coronary heart disease, hypertension, diabetes, stroke, some cancers, and depression, and helping to improve bone and functional health, energy balance, and weight control.[@b52-dmso-8-263] It is also important for bariatric patients to increase their physical activity levels postsurgery to improve weight loss and maintain muscle mass, thus reducing the risk of weight regain. A low level of physical activity has been identified as a key predictor of weight regain postbariatric surgery.[@b53-dmso-8-263]

Research states that a minimum of 60 minutes of moderate to vigorous intensity physical activity is required daily -- in one block, or it can also be separated -- for long-term maintenance of significant weight loss.[@b7-dmso-8-263] A study by Bond et al[@b54-dmso-8-263] found that patients who increased their physical activity levels postsurgery lost more weight and reported an overall better quality of life compared with bariatric patients who remained inactive. Therefore, bariatric patients who are not already undertaking regular physical activity need to incorporate habitual physical activity behaviors into their everyday routines to achieve and then maintain substantial weight loss.

Psychological considerations
============================

Mood disorders
--------------

Low self-esteem and/or depression have been found to be predictors of weight regain.[@b18-dmso-8-263],[@b53-dmso-8-263] Although the reason for this has not yet been identified, theories include an increase in emotional eating and reduced incidental activity. A study by Sousa et al[@b55-dmso-8-263] found that body image concerns after weight loss surgery increased the risk of depression, leading to a loss of control over eating and a consequent weight regain. It is prudent to screen for depression, body image, and self-esteem issues, and engage these patients with additional support and resources to optimize weight loss postbariatric surgery.

Eating disorders
----------------

An increasing number of cases of eating disorders, including anorexia nervosa, bulimia nervosa, and eating disorders not otherwise specified, have been identified postbariatric surgery.[@b56-dmso-8-263] A study by de Man Lapidoth et al[@b57-dmso-8-263] concluded that patients who had undertaken bariatric surgery were more likely to develop eating disorders postoperatively than patients who had undergone traditional weight loss treatments. Eating disorders after weight loss surgery typically represent a continuation or recurrence of presurgical habits and patterns.[@b31-dmso-8-263] Obesity and/or bariatric surgery may mask the side effects of eating disorders, making these conditions more difficult to diagnose. It is essential that health professionals are cognizant of this, and monitor the patient's weight loss, eating behaviors, and mental state during review assessments.

Binge eating is an eating disorder that can be defined as eating substantially large amounts of food during short periods of time with a sense of loss of control.[@b30-dmso-8-263] It is important to identify individuals diagnosed with binge eating disorder presurgery, as although weight loss surgery may physically prevent the ability to binge as one has done previously due to the reduction in stomach volume, the dynamics responsible typically persist.[@b31-dmso-8-263] Despite not being about to tolerate a large volume of food, patients can develop the capacity to over-consume by excessively grazing throughout the day with persistent emotional distress,[@b29-dmso-8-263],[@b31-dmso-8-263] or to binge then purge. Maladaptive eating behaviors are high among patients diagnosed with binge eating during presurgical screening, and they result in a higher vomiting frequency after the surgery[@b34-dmso-8-263] and subsequent weight gain. Kalarchian et al[@b58-dmso-8-263] indicates that approximately 43% of bariatric patients have reported instances of loss of control at some point in the time after surgery, and that these patients tended to have poorer longer-term weight loss outcomes.

Contrarily, some patients will fail to consume sufficient calories and develop an intense fear of regaining weight.[@b31-dmso-8-263] Feelings of dissatisfaction can result in refusal to maintain a normal weight, excessive preoccupation with weight and body image, an intense fear of gaining weight, and the use of restrictive and/or purging behaviors in an effort to gain control of weight management.[@b31-dmso-8-263] Some patients report a fear of stretching the stomach pouch as the reason for extreme restrictive eating, and they tend to have an "all or nothing" attitude toward weight maintenance.[@b31-dmso-8-263] This starving can lead to macro- and micronutrient deficiencies which, as described earlier, can lead to long-term weight regain.

Physical considerations
=======================

Bariatric surgery patients may experience physical side effects, such as maladaptive eating, return of hunger, eating disorders, and excessive skin after the procedure, which may directly or indirectly impact long-term weight loss. It is important for the multidisciplinary bariatric team to support patients through their weight loss journey to help prevent the possibility of these physical side effects from developing, and to improve their long-term weight loss outcomes.

Maladaptive eating
------------------

Failure to achieve anticipated results or acopia with physical changes is typically the stimuli for the onset of longer-term maladaptive eating postbariatric surgery.[@b31-dmso-8-263] Brolin et al[@b24-dmso-8-263] showed that the primary motivator to maladaptive eating is generally an aversion to vomiting.

Bariatric patients who engage in maladaptive eating generally avoid solid foods and eat softer, high-calorie foods such as chocolate, candy, and ice cream.[@b30-dmso-8-263] A diet rich in these foods results in the patient consuming a higher calorie intake, particularly from carbohydrates and saturated fats. Foods such as soups, crackers, and cheese that melt in the mouth are also commonly consumed by maladaptive eaters as "meals", as they are easier to swallow than solid foods.[@b24-dmso-8-263] Overconsumption of softer and easy to eat foods provides inferior nutritional adequacy, as well as reduced gastric transit time, and therefore decreased satiety cues, which ultimately contribute to excessive energy intake and weight gain.

Burton and Brown[@b59-dmso-8-263] have shown that post-LAGB satiety cues are induced by the activation of stretch receptors caused by "bouncing" of foods at the fundus of the stomach. When in the smaller stomach pouch formed by the band, solid foods, as opposed to foods of a more liquid consistency, bounce more times before passing through the band, providing more stimulation and greater satiety.

Maladaptive eating can also promote the development of food aversion, protein malnutrition, and vitamin and mineral deficiencies, which can affect longer-term weight management and quality of life.[@b31-dmso-8-263] Prevention of maladaptive eating patterns should commence presurgery and continue in the months following surgery to reinforce healthy eating habits. Emphasis should be made to prevent the onset of gastrointestinal distress and weight regain through strategic dietary changes, such as eating slowly, portion control, and the use of cognitive behavioral strategies to encourage mindful eating.[@b31-dmso-8-263] The most important strategy that can be utilized by health professionals is to educate patients regarding the need to increase the texture and consistency of their food so that they eat more solids. Not only will solid foods increase satiety by stimulating the stomach stretch receptors, but they also allow for greater variety, nutritional adequacy, and social acceptance of eating. Years of poor eating habits cannot be changed overnight postsurgery, and desensitization to satiety cues can be detrimental to long-term weight loss. Overall, it is essential that patients work in health care teams to prevent the occurrence of maladaptive eating behaviors and maintain a lifelong nutritious diet, and to not simply rely on weight loss alone to improve their life expectancy.

Excessive skin
--------------

A sometimes unforeseen complication of weight loss following bariatric surgery is that of excessive skin. After a person has experienced significant weight loss, excess skin and soft tissue redundancy of the trunk, buttocks, breasts, upper arms, and thighs can be obstructive to further weight loss.[@b31-dmso-8-263],[@b60-dmso-8-263] Excessive skin can result in musculoskeletal strain from increased tissue weight, and/or intertrigo, both of which can result in limiting both planned and incidental exercise. It is also important to consider the social impacts of having large and usually visible amounts of excessive skin, which may result in poor body image, self-esteem, and social acceptance, which can consequently result in a lack of willingness to participate in public activities such as social sports. This can result in an additional challenge for those trying to achieve weight maintenance.[@b60-dmso-8-263] Sometimes, these negative impacts can affect social and mental health to a similar degree as prior to the surgery. Some patients resort to intentional weight gain by increasing calorie intake in an attempt to minimize redundant skin.[@b31-dmso-8-263]

More patients are making the decision to surgically remove the redundant skin to further their weight loss and to also improve their quality of life. Body recontouring surgery is generally performed after weight loss has been achieved and stabilized for at least 4--6 months. As a broad rule, this generally occurs 12--18 months postoperatively.[@b60-dmso-8-263] The surgical team needs to discuss realistic goals, the surgical risk, and comorbidities with the patient before embarking on body contouring surgery. Factors such as the entire body circumference, skin tone and elasticity, sun exposure, smoking status, lean body mass, and muscle tone also need to be deliberated to determine appropriate outcomes. Surgery types generally include breast, thigh, lower body lift, abdominoplasty, face and neck lifts, as well as brachioplasty or arm lifts.[@b61-dmso-8-263]

Medical considerations
======================

Depending on the bariatric procedure, a patient may experience medical complications that can lead to weight regain. These complications need to be continuously monitored to ensure the welfare of the patient is maintained to improve overall weight loss success.

Medical considerations after RYGB
---------------------------------

Major postoperative complications, such as leakage, stricture, acute gastric dilatation, and staple failure can develop in the weeks following the RYGB procedure, but they generally are not common occurrences.[@b20-dmso-8-263] Gastrointestinal anastomotic leakages, for example, have a reported incidence rate of between 1% and 5.1%.[@b62-dmso-8-263] These complications may contribute to the complete failure of the procedure or the need for premature revision of the RYGB, resulting in limited weight loss and supplementary morbidity and mortality risk.[@b63-dmso-8-263]

More chronic complications include hernias, bowel obstruction, and delayed gastric emptying,[@b20-dmso-8-263] and they can present months to years following surgery. Internal hernias can occur along different areas of the small bowel, generally at the site of any "limb" created by the bypass procedure.[@b64-dmso-8-263] Hernias as well as adhesions may further develop into small bowel obstructions.[@b65-dmso-8-263] Symptoms of these complications include intermittent, postprandial abdominal pain, nausea, and/or vomiting.[@b65-dmso-8-263] Chronic complications can impede longer-term weight loss outcomes, as the patient may experience a decreased ability to exercise or may revert to maladaptive eating to minimize symptoms. Furthermore, there is the potential requirement for surgical intervention (hospital stints for hernia repair or bowel obstruction), which not only disturbs lifestyle, but which can impact weight loss.[@b65-dmso-8-263]

Medical considerations after SG
-------------------------------

Major acute complications of the SG include hemorrhage and leakage along the staple line. As with the RYGB, if these major postoperative complications occur, urgent surgical intervention is required to repair the injury or revise the surgery. Such medical complications can cause substantial loss of lean muscle tissue if patients are not fed enterally or parenterally which, in turn, decreases the patient's metabolic rate and may impede long-term weight loss outcomes.[@b66-dmso-8-263]

Longer-term medical complications that may affect the SG patient include gastroesophageal reflux disease (GERD) and stomach stretching. Studies indicate that post-SG, GERD is developed in approximately 20% of patients.[@b33-dmso-8-263],[@b67-dmso-8-263] Chronic GERD often influences dietary intake, and it may increase the likelihood of maladaptive eating.[@b67-dmso-8-263] Furthermore, some patients turn to eating or drinking as a tool for symptom relief. Obviously, eating for symptom relief can lead to excess calorie intake and subsequent weight gain. GERD development can be attributed to altered gastric emptying, decreased gastric compliance resulting in increased intragastric pressure, as well as the anatomical changes in the angle of His.[@b67-dmso-8-263] The angle of His is naturally a gastroesophageal-protective mechanism; however, it is initially blunted with the SG procedure. If this angle restores itself over time, patients generally report an improvement in GERD.[@b67-dmso-8-263] If GERD does not resolve naturally, the use of medications, as well as dietetic intervention and education regarding food choices and eating strategies, should be adopted to best manage symptoms.

Stomach stretching is a significant cause of weight regain post-SG; however, there is a paucity of long-term clinical evidence to describe the rates of occurrence. The stomach may stretch and dilate over time, lessening the restrictive and early satiating effects of the SG, thus allowing the patient to ingest larger quantities of food and consequently regain weight.[@b33-dmso-8-263] Investigations into stomach dilatation suggest that the stretching forms a new fundus, which counteracts the intentions of the sleeve.[@b33-dmso-8-263] Studies suggest that creating a smaller stomach bougie size may result in greater weight loss and may prevent later stretch of the sleeve;[@b68-dmso-8-263] otherwise, surgery may be considered to resleeve or convert to RYGB.[@b33-dmso-8-263]

Medical considerations after LAGB
---------------------------------

Attractive benefits of the LAGB are that it has lower rates of nutritional deficiencies and mortality risks than other types of bariatric surgery, and there is the possibility of reversibility, while still having the potential for significant long-term weight loss.[@b67-dmso-8-263] However, a study by Aarts et al[@b69-dmso-8-263] found that 100% of patients who had their band removed regained the weight.

Furthermore, the band itself can be the cause of complications that can negatively affect long-term weight loss.[@b20-dmso-8-263] Pouch dilatation, band migration, slippage of the stomach through the band, as well as issues arising from the port, such as leakage, infection, and dislocation are common complications seen longer-term postband insertion.[@b70-dmso-8-263] Such complications can usually be treated laparoscopically, but this generally requires minimal fluid in the band, resulting in the level of restriction and satiety being decreased.[@b70-dmso-8-263] Consequently, these complications can often result in significant weight regain. In the case of pouch dilatation, it results in decreased satiety and allows the patient to ingest a greater amount of food, which can lead to weight regain. For optimal results, the patient and health care team need to provide regular reviews to monitor the "health" of the band, such as placement, fluid capacity, and port access.

Gastric erosion of the band through the stomach wall is a more serious complication that requires the band to be completely removed, thereby increasing the risk of significant weight regain. Symptoms include fever, chills, and epigastric pain, which additionally impact on the patient's dietary intake and physical activity levels prior to removal. Another LAGB may be reinserted after a period of recovery, or there may be the need for revisional bariatric surgery; however, this interim period (generally a few months) often results in weight regain.[@b70-dmso-8-263]

Although only occurring in a minority of cases, some patients may react negatively to the band being in situ. This is generally referred to as psychological intolerance to the band and arises as patients become averse to the concept of a foreign body being inside their person. Treatment involves complete band removal, and the patient and surgeon may then decide to revise the bariatric surgery to RYGB or SG.[@b71-dmso-8-263] If the patient wants no further bariatric intervention, the weight loss assistance that the band could potentially provide disappears with its removal.

Dixon and O'Brien[@b72-dmso-8-263] have shown that in people previously suffering with GERD and/or esophagitis, LAGB insertion can improve their symptoms. Explanations put forth include the narrowing of the esophagogastric junction, reconstitution of the angle of His, and the band itself acts as an antireflux mechanism.[@b72-dmso-8-263] Longer-term follow up, however, indicates that GERD can develop in the years after LAGB insertion in approximately 20.5% of patients,[@b67-dmso-8-263] potentially due to pouch dilatation or stomach herniation, slippage of the band, accumulation of acid, and/or disordered esophageal motility.[@b73-dmso-8-263] Depending on its severity, GERD symptoms such as regurgitation, nausea, and/or heartburn can impact longer-term weight loss, as patients may alter their eating habits, turning to grazing, using food to medicate symptoms, and/or maladaptive eating. In extreme cases, some patients may even choose to remove the band as a result of debilitating GERD symptoms.[@b73-dmso-8-263]

Historically, the RYGB procedure has been preferred if revision surgery is required, either due to medical complications as a result of the band, or inadequate weight loss;[@b63-dmso-8-263] however, SG surgeries are also emerging as a potential option as a secondary surgery post-LAGB.[@b66-dmso-8-263] It should be known that the revision of previous bariatric procedures carries a higher risk of leakage, reported to be as high as 19%.[@b63-dmso-8-263]

As with all bariatric surgeries, the need for check-ups with the medical team in the weeks to years following the procedure is a requirement for the early diagnosis and resolution of structural or acute complications. Rectifying these complications may allow the patient the best chance of avoiding surgical failure or surgery revision and, therefore, of achieving maximum weight loss. Regular longer-term reviews with the health care team, including surgical and dietetic professions, will aid in potentially identifying more medical complications, as well as being able to implement suitable dietary interventions best suited for optimal recovery without weight regain.

Other medical conditions
------------------------

Weight regain or suboptimal weight loss may also be a result of an underlying medical condition such as undiagnosed thyroid problems, Cushing's syndrome, leptin deficiency, or OSA. A long-term observational study by Collen et al[@b74-dmso-8-263] found that bariatric patients with OSA experienced significantly more weight loss success if they continued to utilize their continuous positive airway pressure machines as prescribed than those who did not. Medications that affect weight gain, such as insulin, steroids, and antipsychotics, can also have an impact on weight loss success, even after weight loss surgery. Subsequently, it is imperative for the health care team to consider conventional medical causes of the weight regain, branding the surgery as a "failure".

Conclusion
==========

Long-term weight loss in patients following bariatric surgery requires regular and supportive management by qualified health professionals. Based on the literature reviewed, our principal recommendations to optimize long-term weight loss include:

-   ensuring that the patient understands how the procedure works;

-   offering pre- and postoperative education sessions;

-   ensuring the patient utilizes self-monitoring strategies;

-   tailoring nutritional supplements;

-   restraining liquid calories, pureed foods, grazing, and eating out of home;

-   engaging in an average of 60 minutes of physical activity per day; and

-   conducting lifelong annual medical, psychological, and dietary assessments.
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###### 

Percentage of excess weight loss in Roux-en-Y gastric bypass, sleeve gastrectomy, and laparoscopic adjustable gastric bands

  Surgical procedure                     Percentage of excess weight loss                                                                      
  -------------------------------------- ---------------------------------- ------------------------------------------------------------------ -----------------------
  Roux-en-Y gastric bypass               65.95%[@b8-dmso-8-263]             58%[@b8-dmso-8-263]                                                53.6%[@b9-dmso-8-263]
  Sleeve gastrectomy                     64%[@b8-dmso-8-263]                55%[@b10-dmso-8-263],[\*](#tfn1-dmso-8-263){ref-type="table-fn"}   47.2%[@b9-dmso-8-263]
  Laparoscopic adjustable gastric band   51.8%[@b9-dmso-8-263]              49.6%[@b9-dmso-8-263]                                              

**Notes:**

Based on a small study of 26 clients. As sleeve gastrectomy is a relatively new procedure, there are no appropriate long-term systematic reviews of sleeve gastrectomy.

###### 

Recommended foods for optimal long-term healthy eating postbariatric surgery

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Diet                                             Serving size                                           Recommended foods                                                       Foods not recommended
  ------------------------------------------------ ------------------------------------------------------ ----------------------------------------------------------------------- ----------------------------------------------------------------------------------------
  Long-term healthy eating postbariatric surgery   125 g (one-half cup) per 30 minutes[@b27-dmso-8-263]   • Fruits\                                                               • High-energy foods (those high in sugar or fat)\
                                                                                                          • Vegetables\                                                           • Pureed foods that do not produce adequate satiety[@b27-dmso-8-263],[@b28-dmso-8-263]
                                                                                                          • Lean meats, poultry, fish, seafood, legumes, eggs, nuts, and seeds\   
                                                                                                          • High-fiber bread and cereal foods\                                    
                                                                                                          • Low-fat dairy products[@b27-dmso-8-263]                               

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
